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Abstract
The loss of dust from the mining, processing, storage, handling, transportation and loading of bulk
materials is creating an increasing number of problems for industry and the community. This
includes loss of valuable material and export income, increasing workplace dust emissions (e.g.
from mine sites, loading, receival, ports, bulk berths) and decreasing ambient air quality and human
health, especially for nearby communities. It is virtually impossible to estimate the total cost of
these problems to industry and the community.
An initial key step in addressing dust problems is to quantify the dustiness or dustability of bulk
materials. This paper examines three different methods for testing dustiness. The first two methods
are the rotating drum style dustiness testers that can be used to determine the Dust Extinction
Moisture (DEM) for a bulk solid. They are the Australian standard AS4156.6 “Determination of
Dust/moisture Relationship for Coal [1] and the International standard I.S. EN15051 “Measurement
of the Dustiness of Bulk Materials - Requirements and Reference Test Methods” [2]. The third
method is simulating conveyor belt conditions in a wind tunnel to determine dust pick-up or lift-off
velocity. All three methods can be useful tools in the design of new plant and also the modification
of existing plant to reduce dust generation.
1.

Introduction

Controlling dust emissions from mining, storage, processing, handling and transportation of bulk
materials is creating an ever increasing challenge for industry, the community and government.
These problems are exacerbated as larger quantities of bulk material are mined, processed and
handled. The problems include:
 Loss of valuable material and export income.
 Increasing workplace dust emissions (e.g. mine sites, loading, receival, ports, and bulk berths).
 Increasing direct costs to industry: dust monitoring/testing; control, maintenance and
housekeeping; premature failure of components; shutdown of process/plant; fines and prevention
notices; project rejections (e.g. new mine applications).
 Deteriorating ambient air quality and human health for workers and nearby communities.
 Increased dust fallout onto nearby communities and their properties.
 Build-up of dust layers and further dust lift-off along road/rail routes, underneath conveyors, etc.
 Tighter air quality objectives being set by the regulators for protection of both health and
amenity, requiring more sophisticated control and monitoring methods.
 Increasing integration of bulk transport/export infrastructure with residential communities.
As these problems have increased, ways of measuring the ‘dustiness’ of bulk materials have been
developed. Two standards that can be used to quantify the dustiness of bulk materials are:
AS4156.6 [1], which was originally developed for coal; and I.S. EN15051 [2], which was
developed for a wider range of bulk materials. Figure 1 shows the two different rotating drum
dustiness testers based on these standards at Bulk Materials Engineering Australia (BMEA) at the
University of Wollongong.
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Figure 1: BMEA rotating drum dustiness testers:
AS4156.6 [1] (left); I.S. EN15051 [2] (right)
A third method investigates the dust lift-off characteristics of a bulk material. This method involves
placing a bed of material inside a wind tunnel and observing the lift-off characteristics of the bulk
material by gradually increasing the wind speed. Figure 2 shows a general set-up of the test rig (at
the DuPont Australia facilities).

Figure 2: Wind tunnel showing sample shelf for dust lift-off testing
2.

AS4156.6 [1] Drum Tester

The Australian standard AS4156.6 “Determination of Dust/moisture Relationship for Coal” [1] is
now the standard used for measuring the dust extinction moisture (DEM) for a range of bulk
materials and not just coal as it was originally designed for.
Testing is carried out by adding 1kg of sub 6.3mm bulk material at a defined moisture to the drum
of the tester and closing the lid. The drum is then rotated at 29 rpm for a period of 10 minutes.
During this time an airflow of 175L/min is drawn through the drum and dust is collected in a filter
bag. At the end of the test the bag is weighed. This procedure is repeated on fresh material at
various moisture contents. All tests are carried out in BMEA’s temperature and humidity controlled
room as per AS4156.6 [1] (viz. 20 deg C, 63% humidity).
th
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Once a range of testing is complete, equation (1) is used to determine the dust number (dustiness) at
each particular moisture content in the experiment. The dust numbers at different moisture contents
are plotted on a log/linear graph as shown in Figure 3. AS4156.6 [1] describes how an exponential
trendline is fitted to the data and used to determine the DEM for the material. The DEM is defined
as the moisture content at which the Dust Number is 10.

Dust Number

 10

(1)

where Mb = Mass of filter bag and dust; Ma = Mass of filter bag; and Ms = Mass of sample placed in
drum.

Figure 3: Dust/moisture curve for coal, showing DEM = 8.8% [1]
Based on research conducted at BMEA to date, some other issues have been identified as possible
limitations and/or error sources of the AS4156.6 [1] rotating drum tester. Two potentially
significant issues are summarised below.
(a) The exponential dust/moisture curve stipulated by AS4156.6 [1] does not necessarily occur for
all bulk materials and can provide misleading results as indicated in Figure 4. The DEM for this
material was determined to be 12% based on the method used in AS4156.6 [1]. However the
DEM was found to be 11% based on a smooth trendline. Based on such results, the latter
approach appears more accurate and representative of bulk materials in general (i.e. as a better
indicator of the actual DEM). Further work is required to understand why this is the case.
(b) At moistures approaching DEM, some adhesion of product is noticed on the inside of both
rotating drums (e.g. see Figure 5, which shows a dustiness test on the same ore shown in Figure
4). Such adhesion is expected to have an appreciable effect on the results.
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Figure 4: Dustiness and DEM of ore based on different curve fitting methods:
Exponential curve based on AS4156.6 [3] (dashed curve) and smooth trendline (solid curve)

Figure 5: Dustiness test on ore at 8.1% wb (DEM = 11% wb)
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3.

I.S. EN15051 [2] Drum Tester

I.S. EN15051 [2] focuses on measuring and classifying the dustiness or dustability of a particular
powder sample for workplace emissions, based on the inhalable, thoracic and respirable dust mass
fractions. If the inhalable dust mass fraction is found to be > 5000 mg kg-1, then the dustiness of the
powder sample is classified as high. Although not described in I.S. EN15051 [2], it is possible to
determine a dust/moisture relationship for a particular powder by simply repeating the test for
different moisture contents. The investigation involves only the first part of I.S. EN15051 [2] which
is the rotating drum tester. The second method of dustiness testing in I.S. EN15051 [2] is using a
drop test, but this is not discussed in this paper.
Although using a similar looking machine to that which is used in AS4156.1 [1], the test method in
the I.S. EN15051 [2] drum tester is much different. Table 1 below lists the differences in both
machines.
I.S. EN15051 [2] uses 35 cm3 of a non specified particle size of material loaded into the machine’s
drum. The drum is then rotated at 4 rpm for 1 minute with an airflow of 38 litres/min flowing
through the drum and four porous filters that are fitted to the end of the drum as shown in figure 1
(right). The four filters consist of two 20ppi foams for the inhalable fraction and one 80ppi foam for
the thoracic fraction and a back-up filter for the respirable fraction. Figure 6 shows the 4
foams/filter used for dust collection and an internal picture of the drum after a test with gold ore.
The I.S. EN 15051 [2] test is very good for finding these dust mass fraction values but the standard
does not specifically allow for testing to see how these values can be reduced, i.e. adding different
moistures and re-conducting the testing.

Figure 6: Gold ore dust captured at 0% moisture (left);
Inside I.S. EN 15051 [2] drum after a completed test (right)

4.

Comparison of Rotating Drum Testers

To investigate possible differences between the two standards, “side-by-side” experiments have
been performed. Figure 7 provides an example of some typical results obtained on iron ore. The
resulting difference in the DEM shown in Figure 7 (viz. DEM = 5.2% AS4156.6 [1] and 3.8% I.S.
EN15051 [2]) indicates a significant difference in the moisture that would be required for dust
control.
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Figure 7: Dustiness and DEM of ore based on AS4156.6 [1] and I.S. EN15051 [2]

Table 1: Comparison of AS156.6 [1] and I.S. EN15051 [2] rotating drum specifications
Parameter

AS4156.6 (2000)

I.S. EN15051 (2006)

Bulk sample size

1 kg (coal) – or equiv. bulk
volume (1 litre)

35 cm3 (35 ml or 0.035 l)

Max. particle size

6.3 mm

Not specified

20 deg C, 63% humidity

21 deg C, 50% humidity

300 mm

300 mm

7mm wide  6mm high (8 off)

25mm high (8 off)

Drum speed

29 rpm

4 rpm

Test duration

10 min

1 min

Drum air inlet dia.

40 mm

150 mm

170 litres/min

38 litres/min

Drum inlet air velocity

2.25 m/s

0.036 m/s

Superficial air velocity
inside rotating drum

0.04 m/s

0.009 m/s

Dust No. = Dust(g) / Sample(g)105
(DEM = Moisture Content at Dust
No. of 10)

Workplace Emissions:
Inhalable, Thoracic,
Respirable Mass Fractions
(mg/kg)

Ambient conditions
Drum diameter
“Blades” inside drum

Suction air flow

Dustiness
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5.

Dust Lift-Off Tests

Dust lift-off tests have been designed for the purpose of finding the minimum velocity at which dust
will start to become airborne from a mass of material. This testing is very helpful for predicting dust
emissions from conveyor belts, rail wagons and trucks, as well as lift-off from stockpiles caused by
wind.
The dust lift-off tests that have been conducted so far by BMEA in conjunction with DuPont
Australia have been completed using the following method. On a shelf made to hold the product in
the middle of the wind tunnel air stream (so as to achieve a uniform velocity profile), a repeatable
size pile of bulk material bed is formed using a mould ring. The rings dimensions are 272mm wide,
45mm deep and 12mm high. The material is scraped off level with the ring and the ring removed.
The shelf and material are then weighed.
The air velocity in the wind tunnel is pre-set and measured using a vane anemometer before the
shelf with material is placed in the tunnel. Figure 8 shows the bed being formed and its location in
the wind tunnel. All tests at various airflows are then conducted for a set period of time, which was
selected to be 2 minutes. The shelf and material are then removed and reweighed to determine
material loss.
Along with the process discussed above, the product moisture content is checked and a particle size
distribution conducted to help with analysing the results. The results provide the air speed needed
when dust lift-off starts to occur and also how emissions increase as air flow is increased further.
Some typical results are provided in Figure 9, which is used to determine conveyor belt speeds or
train speeds that will cause dust lift-off emission problems.

Figure 8: Test shelf being prepared (left); Location of shelf and test bed in wind tunnel.
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Figure 9: Typical Dust Lift-Off Test Results
6.

Conclusions

Fugitive dust emissions from the mining, processing, storage, handling, transportation and
loading/unloading of bulk materials are creating an increasing number of problems for industry, the
community and the government. Most of the existing dust control measures only treat the
“symptoms” of dust generation and can be considered as “protection” technologies.
Quantifying and knowing the dustiness of bulk materials is a key requirement for dust control. The
three methods presented in this paper all measure different parameters of dust emission and control.
AS4156.6 [1] is used to determine the dust extinction moisture for a sample of bulk material. I.S.
EN15051 [2] classifies the dustiness or dustability of a particular powder sample for workplace
emissions. The dust lift-off tests help to evaluate the minimum velocity at which dust will start to
become airborne from a bed of material (e.g. from a conveyor belt or moving train).
All three methods are useful for finding the parameters they are designed for, but can also be used
collectively to provide a better overall view of the dust problems that can occur for a given bulk
material and application. However, side-by-side comparative tests show that there are significant
differences between the two current rotating drum dustiness standards. This is probably due to their
different operating conditions (e.g. drum speed, air flow, etc). Also, it appears that how the DEM is
determined by AS4156.6 [1] using exponential trendlines can result in misleading trends and
findings. Another potential source of inaccuracy and error occurs when adhesive bulk materials are
tested in a rotating drum test, even at moistures well below DEM. Further research is being pursued
to improve dustiness testing methods so that they are more representative of the bulk material
sample and minimise any system effects or operator dependencies.
7.
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